Introduction
Cheung and Bal (1998) maintain that``a methodology for business improvement is really only as good as the tools and techniques that support it''. Among the diverse methodologies for both the radical redesign and the incremental improvement of business processes (from now on we will use the term``business process improvement'' -BPI) which have, in recent years, been proposed by both academics and consultants, it is easy to discern the crucial importance of using process mapping techniques (see Coulson-Thomas, 1995; Harrington, 1991; Hunt, 1996; Johansson et al., 1993; Manganelli and Klein, 1994; Melan, 1993; Morris and Brandon, 1993; Povey, 1998) . It should be mentioned that a recent study of the BPI methodologies adopted by 25 important international consultancy firms revealed that during the diagnostic and redesign phases there was widespread use of``process capture and modelling'' techniques and tools (Kettinger et al., 1997) .
Process mapping consists of constructing a model that shows the relationships between the activities, people, data and objects involved in the production of a specified output. One reason why process mapping methods are so widespread today is that it has been widely recognised that such models can offer useful, and relatively inexpensive, descriptions which can help towards improving and re-designing business processes:``one aspect of the successful management of change for re-engineering manufacturing enterprises is to employ practical, accessible, proven approaches to modelling that systems engineers can use routinely for the analysis and design of complex established human/machine/object systems'' (Colquhoun et al., 1996) .
Process mapping techniques
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This study intends to offer an examination of the problems and the limitations of process mapping techniques in the light of sociotechnical experiences in systems analysis. The second section illustrates the basic features of the various process mapping techniques, highlighting the specific conceptualisation of the subject and purpose of analysis. The third section deals with sociotechnical theory and analysis, with particular reference to Pava's (1983) work on the relationship between the method of analysis and the nature of work. The last two sections are devoted to illustrating key questions linked to the acritical use of process mapping techniques and tools.
Process mapping techniques: organisational systems as`t echnologies'' As mentioned in the introduction, all the more recent BPI methods include the construction of``a map'' of the process. In Table I various BPI methods are compared: the COBRA (which stands for Constraints and Opportunities in Business Restructuring -an Analysis) methodology (Coulson-Thomas, 1995) ; the``Business Process Reengineering (BPR) project stage-activity framework'' (Kettinger et al., 1997) ; and the``best practice BPI methodology'' developed by Povey (1998) . These methodologies were studied because they are the fruit of comparative analyses of those BPI methodologies that have been developed and put into practice by leading consultancy firms and organisations and, consequently, could be considered to be representative of the methods most widely adopted by firms. Table I clearly illustrates the crucial importance of process mapping within BPI methodologies. Indeed, it is the link pin between the preparatory phases and the subsequent phases during which the new process designs are developed. It is very important to emphasise the fact that different maps will be created depending on which techniques of representation are used to construct the process models.
Techniques of representation define the language used in modelling both in terms of syntax (the set of symbols that can be used to build the model and the rules concerning their use and combination) and in terms of semantics (the meaning that must be attributed to each symbol). Exactly what is eventuallỳ`c aptured'' by the process model will depend on which specific technique is adopted. Curtis et al. (1992) stated that``the perspectives that a process model is able to present are bounded by the constructs of the language used for modelling''; four of the most commonly represented perspectives are: the functional perspective, which represents both the constituent elements of the process (i.e. the fundamental activities) and the flows of informational entities that are relevant for such elements; the behavioural perspective, which highlights when, and how, the elements of the process are carried out; the organisational perspective, which shows where, and by whom, the elements in the process are performed; lastly, the informational perspective, which shows the structure and the relationships of the informational entities that are being manipulated by the process.
The COBRA six-stage methodology (CoulsonThomas, 1995) The BPR project-stage-activity framework (Kettinger et al., 1997) BPI best practice methodology (Povey, 1998) 
45
The COBRA six-stage methodology (CoulsonThomas, 1995) The BPR project-stage-activity framework (Kettinger et al., 1997) BPI best practice methodology (Povey, 1998) Definition of redesigned processes Define and analyse new process concepts 7. Compare the``as is'' and``to be'' processes and identify all the changes that need to be made There have been many contributions in the literature which have concentrated on the analysis of the strong and weak points of the various techniques of representation that can be adopted in order to construct a process model (traditional flowcharts, IDEF0, RAD diagrams, IDEF3, IDEF0-3 etc.; see Busby and Williams. 1993; Cheung and Bal, 1998; Congram and Epelman, 1995; Colquhoun et al., 1996; Fulscher and Powell, 1999; Ould, 1995; Maull et al., 1995; Plaia and Carrie, 1995; Yu and Wright, 1997) . What is of interest here, is to highlight the fact that, despite the existing differences in syntax and semantics, these diverse process mapping techniques are characterised by a specific conceptualisation of the subject and purpose of analysis. The conception of a firm as a set of business processes is, to a large extent, very similar to the traditional model of a social organisation based on open systems. This model depicts the firm as a mechanism for transforming inputs into outputs, a mechanism which is composed of a multiplicity of sub-systems, each of which is designed to carry out specific functions. Therefore business processes are, essentially, organisational sub-systems. Process mapping is characterised by a specific conceptualisation of such sub-systems, based on the notion of``technology'' that has been developed within modernist organisation theory:``from this perspective technology is typically defined in terms of:
. the physical objects or artefacts, including products and the tools and equipment used in their production;
. the activities or processes that comprise the methods of production;
. the knowledge needed to develop and apply equipment, tools, and methods in order to produce a particular output'' (Hatch, 1997, p. 128 ).
This conceptualisation of the object of the analysis, channels mapping activities in a very precise direction: what must be sought, and identified, is the technical system within which the organisational actors operate; the map must show clearly what a system does, what controls it, what it acts on, what means it uses to perform its functions and, what it produces. This is perfectly coherent with the fact that, when currently available mapping tools are evaluated, simulation and static analysis capabilities are generally considered to be very important (see, for example, Cheung and Bal, 1998; Yu and Wright, 1997) . Furthermore, process mapping techniques would seem to be particularly suitable for a form of organisational analysis that is, fundamentally, governed by the needs of the customer of the process -definable in terms of cost, time, quality and flexibility objectives -and interpreted exclusively as a moment of assessment of workflow operating performances. Process evaluation is, in fact, usually seen as the critical examination of performances such as accuracy (the degree to which the product produced by the process matches the intended result), fidelity (how faithfully a defined process is followed), fitness (the degree to which the people or machines enacting the process can faithfully follow actions it specifies), and precision, which relates to the detail in which a process is described (White, 1994) .
Lessons from the past: sociotechnical analysis and the problem of non-routine work The idea of an``open sociotechnical system'' offers a frame of reference for empirical studies of industrial firms (Trist, 1959) : from this viewpoint, formal organisations (or a circumscribed part of one, such as a production unit) are considered to be the complex interrelation of a technical sub-system -the set of techniques and instruments that are required to change inputs into outputsand of a social sub-system -which is defined by the set of roles and relationships that are determined by the division of labour and by the methods used to co-ordinate them. Sociotechnical design emphasises the need for a``best fit'' between the technical and the social aspects relating to the relationship between jobs and the needs and expectations of individuals.
The sociotechnical approach to the analysis of a work system consists of two parallel studies. One aims to scrutinise``variances'' -the conditions that could go awry and undermine the conversion process and focuses on the technical system. The other seeks to gather all the information required in order to design and set up jobs in such a way as to encourage worker participation and commitment. The traditional methodology of sociotechnical analysis usually proceeds as follows (Emery and Trist, 1978; Trist, 1982) :
(1) Initial scanning. The aim, in this phase, is both to identify the main characteristics of the production system and its specific environment and to elucidate the main problems on which subsequent analyses must focus. The main``outputs'' of this phase are: the physical layout of the production system; a definition of the organisational structure; the identification of the most important inputs and outputs of the system and of the main processes of transformation; the aims of the system, both the production and the social aims; the history and the relevant social aspects of the system; and, lastly, identification of the main variances. (2) Technical analysis.
. identification of unit operations, that is, of the main phases in the production process; where possible the purpose of each unit operation should be specified in terms of its inputs, its transformations, and its outputs;
. identification of key process variances (which originate either from the materials or from the nature of the process of transformation as currently being carried out) and their interrelationships (by constructing variance matrixes). (3) Social analysis. The aim here is to analyse the main characteristics of the existing social system, in order both to understand how the network of roles contributes to checking on the previously identified variances and to evaluate each role in relation to the psychological needs of the workers. (4) Analysis of external systems. Those which influence the system being analysed (for example, the maintenance system).
(5) Work system design proposals. These are within the logic of the best fit between the technical sub-system and the social sub-system.
Both the theory and the methodology of sociotechnical analysis have met with considerable success and have greatly benefited efforts to design new manufacturing systems featuring well-defined mechanical technologies. Notwithstanding this, the main challenge supporters of the sociotechnical approach had to face at the end of the 1970s was, how to redefine the method so as to widen the area in which it could be applied in order to include those organisational areas which are characterised by work of a different type -the``office work''. One especially important answer to the challenge of transferring the sociotechnical approach into other areas of application was offered, some years later, by Pava (1983) in his book Managing New Office Technology: An Organizational Strategy in which he raised some questions that are extremely important for the problem of work analysis.
In Pava's view the basic problem concerned the false linear order which was attributed, without distinction, to any type of work activity. Starting from the contribution made by Keen and Scott Morton (1978) regarding structured, semistructured and non-structured decisions, Pava argued that the distinction between routine and non-routine tasks should be seriously taken into account, in so far as it is hard to believe that the same analytical methods can be made to fit situations where there are different proportions of these two types of work. In other words he stated, clearly, that the choice of methodology must be contingent with respect to the nature of the work being analysed.
Routine work is characterised by a linear and sequential process of conversion of inputs into outputs. Clearly, the logic and methodology of conventional sociotechnical analysis, developed in the``factory'', could be used here for this type of conversion process. However, this is not so in the case of non-routine work, which is characterised by multiple, concurrent and non-linear conversion flows, where``issues cannot be resolved simply by being plugged into an elegant model or fixed procedure. It is a disjointed, zigzag process'' (Pava, 1983, p. 50 ). Pava's sociotechnical method for analysing non-routine office work differs substantially from traditional methods of analysis in the central phases of technical and social analysis and it is based on the concept of deliberation:
Deliberations are reflective and communicative behaviours concerning a particular topic. They are patterns of exchange and communication in which people engage with themselves or others to reduce the equivocality of a problematic issue. Deliberations have three salient aspects: topics, forums of exchange, and participants. Topics are problematic issues facing an organisation about which people reflect and communicate [. . .] A computer engineering group, for example, might pursue such topics as logic design, coding alternatives, scheduling options, new product features [. . .] . The second important aspect concerns the forums in which topics are deliberated. Virtually any equivocal topic in non-routine office work is pondered in more than one forum [. . .] . A third aspect of deliberations, beyond topics and forums of exchange, concerns participants (Pava, 1983, pp. 58-9) .
Analysis of the technical sub-system entails both identifying major deliberations, forums and participants and critically evaluating the elements that may render each individual deliberation ineffective (e.g. information gaps in each deliberation, problems related to component work activities for each deliberation). Analysis of the social sub-system entails identifying, for each major deliberation:
. the way in which responsibility is distributed among the various participants;
. orientations and values that typify each participant; and . interdependent parties -``people with divergent values who are engaged in the same deliberation and must continually work at forging a discretionary coalition that can make intelligent trade-offs among its members for the sake of some long-term general interest''.
This new method is not intended as an alternative to the conventional method: the two approaches (or a suitable combination of the two) should be chosen taking into account the specific characteristics of the organisational system that is being analysed (see Figure 1) . The hybrid method entails isolating the different``products'' the organisational system produces (i.e. the processes that produce them), and applying either the traditional or the innovative method depending on the specific characteristics of the``work'' associated with the different products.
Mapping business processes: the relevance of sociotechnical system theory and methodology Study of the theory and methodology of sociotechnical analysis has made it possible to develop some criticisms concerning the way in which process mapping techniques are used.
The first element that emerges clearly is the residual, or minor, role that is attributed to social aspects: the description of the social system is not a constituent element of the process map. This tendency within business process modelling is a direct consequence of the fact that, as was discussed in the second section, organisations are conceived of as``technology''.
One of the reasons for assuming that there is a natural isomorphism betweeǹ`t echnology'' and business processes lies in two key theoretical assumptions that characterised the early thought of the reengineering gurus: the unitary perspective with which the organisation is interpreted and the hypothesis that human nature is infinitely malleable (Biazzo, 1998) . The unitary perspective adopted in order to view an organisation assumes that both managers and workers have the same basic interests: in this perspective, organisational change becomes a technical fact and is seen in an apolitical context. The hypothesis that human behaviour is malleable assumes that it is determined by simple laws of cause and effect, laws which can easily be manipulated by the persuasive power and the abilities of any manager. According to this hypothesis, a business process redesign would seem to be simply an exercise in eliminating and recombining activities within which the people involved are conceived of as being passive actors to be adapted and inserted into the newly engineered process.
It is important to note that, following the enormous success of reengineering in the first half of the 1990s, many researchers and academics tried to highlight the sociotechnical nature of reengineering projects in order to render the BPR construct more correct and acceptable at the level of theory. For example, in an article which sought to clarify, conceptually, what constitutes BPR, Ahmed and Simintiras (1996) stated:``there are three components to the BPR construct; first, a process-based approach to organisation design; second, the precept of radical change; third, an integrated involvement of human and technical aspects in the change'' (our italics). Nevertheless, the majority of these reconceptualisation of BPR continued, in a reductionist manner, to identify thè`s ocial aspects'' as the problems of designing organisational structure and human resource management systems -thus neglecting the issues relating to personality predisposition, power relationships, status structure, attitudes, commitment, etc. See, for example, the``RapidRe methodology'' proposed by Manganelli and Klein (1994) , in which their social design stage``produces descriptions of the new organisation, staffing, jobs, career paths, and incentives employed by the reengineered process'', and the approach for process mapping, put forward by Aldowaisan and Gaafar (1999) , wherein social considerations are conceived of as a control mechanism in the phase of developing new process design, which is preceded by a series of steps dedicated to representing and streamlining the``technical process structure''.
The second element which emerges from a critical comparison of process mapping and sociotechnical analysis concerns the spread of a reductive simplified image of a firm: a linear representation of work flows which is assumed to be valid for every type of work (from managerial processes to operating processes). Pava's sociotechnical approach to office work makes it possible to highlight how, for certain``non-routine work'' processes, the current process mapping techniques may not be suitable when used to try to represent the complexity of the way in which actions are effectively carried out; consequently this approach induces us to reflect on the inconvenience of making a detailed reconstruction of work flows and the need to stop at a macrolevel of analysis and to reconstruct the context within which the organisational action takes place (the``deliberation'' in Pava's work).
Conclusions
The problem of analysing and (re)designing business processes is, basically, a problem of understanding and changing a sociotechnical system. Thus changing business processes requires a complex search for mutual adaptations between tasks, structures, people and technology (Leavitt, 1965) . This means that one should not totally identify process analyses with process mapping: first, because cultural and political analysis are of crucial importance in any change programme involving a``human activity system'' (see Checkland, 1981; Checkland and Scholes, 1990) and, second, because the modelling languages normally used in process mapping may not be adequate for representing the complexity of work and for correctly supporting the organisational diagnosis.
Pava's contingency framework for sociotechnical design offers a stimulus not to spread the idea of process analysis based on the acritical use of sophisticated process mapping techniques which underestimate the problems caused by imposing artificial rationality and linearity.
Comparison and careful evaluation of the mapping tools available on the market is a very important phase in any BPI effort. These tools are never`n eutral'': they will inevitably pre-select from among the enormous quantity of information that can, potentially, be captured and, consequently, will affect organisational diagnosis and design.
